The objective of this study was to compare a bioassay with a liquid chromatography-fluorescence-mass spectrometry n method for detection of enrofloxacin (ENRO) in incurred eggs. The bioassay developed by our laboratories involves an agar diffusion microbiological method using Klebsiella pneumoniae as an indicator organism. Results demonstrate that both methods are capable of detecting incurred fluoroquinolone residues in eggs. During the 3-day dosing period of hens (Days 1-3) and following drug withdrawal (Days 5, 7, and 9), both of these methods were able to detect incurred ENRO in eggs above the zero tolerance established by the U.S. Food and Drug Administration. The LC-fluorescence-MS n method has the benefit of providing confirmation for fluoroquinolones, while the bioassay may be used as an effective, rapid screening method for detection of fluoroquinolone residues in eggs.
E nrofloxacin (ENRO) is a potent member of the fluoroquinolone (FQ) class of antibiotics and is approved for use by the U.S. Food and Drug Administration (FDA) for treatment of disease in meat type poultry (www.fda.gov/cvm). A tolerance of 300 ng/g ENRO residues in edible tissues is published in the U.S. Code of Federal Regulations (www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/ CFRSearch.cfm?FR=556.228). For most drugs approved by the FDA, a veterinarian has the legal right to use these drugs for nonapproved usage under the Animal Medicinal Drug Use Clarification Act (AMDUCA) of 1994. This is called extra-label usage. In the case of ENRO, however, extra-label use by veterinarians is prohibited under AMDUCA (www.fda.gov/cvm). The FDA considers the extra-label use of ENRO "a risk to the public health" (www.fda.gov/cvm/index/updates/noeluflq.htm). Therefore, a zero tolerance is established for nonlabel, illegal usage of ENRO in poultry, such as in the treatment of laying hens. If this antibiotic was therapeutically used in laying hens, research has demonstrated that residues would transfer into eggs (1) (2) (3) (4) . These residues in eggs may cause a human food safety concern and adversely affect consumer confidence in this important poultry product. To ensure the safety of our food supply, the federal government has an active residue monitoring program for poultry products (www.fsis.usda.gov/ophs/ophshome.htm).
The ability to monitor the food supply for antibiotic residues is dependent upon the development and utility of analytical methods. In the case of ENRO, a number of analytical methods have been developed for monitoring purposes in eggs (1, 3, (5) (6) (7) . Unfortunately, these methods are expensive, time consuming, difficult to use, and require very costly equipment and highly skilled technical personnel. Although these methods are very accurate, routine use for residue monitoring is limited by the above stated problems. An alternative is the use of a relatively inexpensive, rapid, and technically simple bioassay (BA) for detection of ENRO residues. However, it is unknown if a bioassay recently developed by our laboratories can accurately detect ENRO residues in eggs comparable to a liquid chromatography-fluorescence-mass spectrometry n (LC-FL-MS n ) method (5) . Therefore, the purpose of this study was to compare this bioassay with the LC-FL-MS n method to determine its ability to detect incurred ENRO residues in eggs. eggs from all hens were homogenized with a paddle mixer (ca setting 7, 15 s), pooled, aliquoted, and stored at -80°C.
Experimental

Apparatus
Sample Preparation
BA: Mixed eggs (1 g) were diluted 1:3 (v/v) with 1% phosphate buffer, pH 9.0, centrifuged at 1500´g for 20 min at 5°C, and the supernatant decanted and stored at -80°C until analysis. The RSD are shown in Table 1 , and the recoveries were 98%.
LC-FL-MS n : Transfer 1.0 g incurred egg homogenate to each of six 50 mL disposable centrifuge tubes. Transfer 1.0 g control egg homogenate to 2 additional centrifuge tubes. To one of the control egg tubes, add an appropriate volume of fortification solution to achieve a fortification level of 100 ng/g. This fortified sample was used to confirm that recoveries of ENRO and CIP were greater than or equal to 60%. To all remaining tubes, add the same volume of 0.1M phosphate, pH 9.0. Mix all tubes on VIBRAX mixer for 30 min and then store all tubes in reduced light for additional 30 min. To each tube, add 3 mL acetonitrile and 0.25 mL concentrated ammonium hydroxide, and homogenize. Centrifuge for 5 min at 2205´g, and decant supernatant into new disposable 50 mL centrifuge tubes. Add 750 mL water to each pellet. Repeat addition of acetonitrile and ammonium hydroxide, homogenize, and centrifuge. To each of the combined supernatants, add 3 mL hexane, 3 mL ethyl ether, and 0.25 mL 1M NaCl. Mix on a Vortex mixer 15 s; remove and discard upper layer. Transfer lower layers into 18´150 mm glass disposable test tubes, rinsing in with 4´1 mL acetonitrile. Evaporate samples at 40°C under a Vortex of nitrogen. Add additional 1 mL portions of acetonitrile, as needed, to facilitate evaporation. Dissolve residues in 2.00 mL 0.1M phosphate, pH 9.0, and mix on a Vortex mixer 10 s. Pass through 25 mm, 0.2 mm nylon syringe filters into amber autosampler vials for analysis. Incurred egg samples with high levels of ENRO were diluted initially with control egg homogenate prior to FQ extraction.
Bioassay Procedure
On the test date, working cultures of Klebsiella pneumoniae were grown in TSB to a turbidity of 0.809 absorbance. This corresponds with approximately 9.21 0 8 Klebsiella pneumoniae/mL. An appropriate amount of media was made, autoclaved, and allowed to cool to 49°C in a shaking water bath. The cooled agar was inoculated with Klebsiella pneumoniae to a concentration of 1´10 6 /mL. The flask was thoroughly swirled and 8 mL was dispensed into each Petri dish. Each plate was gently tilted and swirled to ensure even coverage and minimize air bubbles. The plates were allowed to solidify for 30 min on a level surface. Six penicylinders were then evenly placed on the agar using the penicylinder dispenser. Each standard concentration was pipetted onto 3 plates. On each plate, 3 alternative penicylinders were filled with the standard (200 mL/cylinder) and the other 3 cylinders were filled with a reference concentration (200 mL/cylinder). The reference concentration on each plate corrects for any potential plate to plate variation (internal plate standard). The reference concentration is a standard with ENRO concentrations in the mid range of the standard curve.
The overall reference concentration is determined by averaging the reference concentrations from all the standard curve plates. Triplicate plate averages for each standard point are then corrected to the overall reference concentration. Unknowns are treated in a similar manner, except only one plate was used for each unknown sample. To increase the assay's sensitivity, the plates were allowed to pre-incubate at room temperature for 3 h. Following this, plates were incubated 15-18 h at 37°C. Following incubation, the growth inhibition zone was measured using the antibiotic zone reader. A best fit regression line using the diameter of growth inhibition zones vs the logarithm concentration of ENRO was calculated by the method of least squares. The lower limit of assay sensitivity (9 mm zone size) was calculated at 15 ng/g.
Liquid Chromatography-Fluorescence
A gradient composed of 1% formic acid, pH 3.0, with ammonium hydroxide (Solvent A) and acetonitrile (Solvent B) was used: 15% B (10 min), 15-20% B (8 min), 20% B (2 min), 20-80% B (2 min), 80% B (2 min), 80-15% B (3 min), 15% B (3 min); flow rate 0.5 mL/min; column heater 30°C; fluorescence detector l ex 278 nm, l em 440 nm. An external standard curve was generated daily and fluorescence peak height was used for quantitation. 
Mass Spectrometry
The mass spectrometer was operated in positive ion atmospheric pressure chemical ionization mode, with automatic gain control on, maximum injection time 400 ms, and ion targets for MS 1 and MS n 5´10 7 and 2´10
7
, respectively. FQ fragmentation patterns, tuning parameters, and MS n parameters were established by infusing a 10 mg/mL solution of each FQ in mobile phase into a 0.5 mL/min flow of 15% acetonitrile in 1% formic acid, pH 3, with ammonium hydroxide. FQ tune parameters: isolation width 1.2 m/z, vaporizer temperature 450°C, sheath gas flow 65, auxiliary gas flow 0, discharge current 4.5 mA, capillary temperature 160°C. Capillary voltage and tube lens offset were set semiautomatically and multipole 1 and 2 offsets, lens voltage, multiple RF amplitude, and entrance lens voltage were set automatically. MS n precursor ions (m/z), collision energies (%) 
Statistical Analysis
Data were analyzed by analysis of variance using the Statistical Analysis System (SAS) general linear models program (8) .
Treatment means were partitioned by Tukeys analysis (8) . A probability of p < 0.05 was required for statistical significance.
Results and Discussion
In this study, we compared a relatively inexpensive and simple bioassay with a more elaborate LC-FL-MS n method for the detection of ENRO residues in eggs. For this comparison study, we assayed eggs with incurred ENRO residues (produced from treated hens) as opposed to simply spiking eggs with ENRO. Incurred ENRO residues may have different matrix binding characteristics and, unlike spiked samples, would be representative of samples collected for monitoring.
Our results indicate that our bioassay was comparable to the ability of an LC-FL-MS n method for detection of incurred ENRO residues in eggs (Figure 1 a Hens were dosed with the equivalent of 50 ppm/water for 3 days. Eggs were analyzed on Days 1-3, 5, 7, 9, and 11 (n = 6/day). FQ concentration represents the sum of ENRO + CIP, since in chickens ENRO is metabolized in the liver to CIP (9, 10) . Differences between assays within-days for total FQ concentrations were not different (p > 0.05) except for Day 2. b CIP detected at less than the limit of quantitation. c ENRO concentrations were below the lowest detectable limits of the bioassay (15 ng/g). period (Days 1-3) and following drug withdrawal (Days 5, 7, and 9), both of these methods had 99% confidence intervals for the true quantity of incurred ENRO, whose lower ends were well above the zero tolerance established by the FDA. On Day 11, only the LC-FL-MS n method was able to detect residues at an extremely low concentration, which was below the sensitivity of our bioassay ( Figure 1 , Table 1 ). In conducting this study, it was not anticipated that the bioassay would provide similar quantitation of residues to that of the LC-FL-MS n method. Rather, it was thought the bioassay may accurately detect the presence of fluoroquinolone residues as a screening procedure (see ensuing discussion) with follow-up quantitation of positive samples by the LC-FL-MS n method. Although the results support the utility of the bioassay for this purpose, interestingly, the bioassay quantitation of residues was not significantly difference (p > 0.05) from the LC-FL-MS n method except for Day 2. Neither method was adversely affected by the presence of matrix (whole mixed egg). There was no difference in quantitation between standards made with buffer or whole mixed egg.
Although both the bioassay and LC-FL-MS n methods were quantitative, only the LC-FL-MS n method allowed separation and confirmation of the individual FQ analytes. Sample chromatograms of control, incurred, and fortified eggs are shown in Figure 2 . In chickens, ENRO is metabolized by the liver to CIP (9, 10). On Days 2, 3, 5, 7, 9, and 11, analysis with the LC-FL-MS n detected not only ENRO residues but also the ENRO metabolite, CIP (Table 1) . On Day 1, the CIP was below the limit of quantitation (LOQ). The MS confirmation data for incurred fluoroquinolone residues is shown in Table 2. Sample MS 3 spectra are shown in Figure 3 . Confirmation is achieved by comparing the peak height ratios of 2 major MS 3 product ions (% 245/268 for CIP and % 288/245 for ENRO) in incurred samples to those of standard samples. For both ENRO and CIP, the peak ratio values are comparable to those obtained for standard samples, confirming the presence of these 2 FQs. Higher RSDs are found for samples, which were analyzed at a lower concentration, as we have found previously (e.g., Day 11 incurred ENRO; 5). However, in all cases, the average peak ratio value reported for the incurred samples is within less than one standard deviation of that for the corresponding pooled standard.
As is the case for most analytical methods, each has its advantages and disadvantages. Although the bioassay accurately detects ENRO residues in eggs, it is unable to differentiate between ENRO and CIP. Thus, it would not be suitable as a definitive assay for regulatory action. However, as the bioassay is relatively inexpensive, easy to use, and allows for high sample throughput, it would serve as an excellent screening a Hens were dosed with the equivalent of 50 ppm/water for 3 days. Eggs were analyzed on Days 1-3, 5, 7, 9 and 11 (n = 6/day). b n for standard fluoroquinolone mix represents standard samples pooled from all days on which incurred samples were analyzed. n for incurred samples represents replicates (normally n = 6) analyzed twice. method. If any of these samples were positive, then the LC-FL-MS n method, which is able to quantitate and differentiate between fluoroquinolones, can be used to confirm the amount and types of residues present. Another possible disadvantage of the bioassay is its higher LOQ versus the LC-FL-MS n method (15 versus 1.5 ng/g). The LC-FL-MS n method is able to detect extremely low concentrations of illegal ENRO residues, and there may be instances where the increased sensitivity of LC-FL-MS n would be needed.
Conclusions
We have determined that a bioassay recently developed in our laboratories can detect incurred ENRO residues in eggs comparable to an LC-FL-MS n method. This method is easy to use and has a high sample throughput. It was, however, not selective between different fluoroquinolone type analytes and would best be used as a screening method for ENRO residues in eggs, while the LC-FL-MS n method can be used to provide confirmation when needed.
